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The determination of the melting point, the vapor pressure, and the
decomposition temperature of yttrium tri-iodide
Abstract
Yttrium iodide was prepared by reacting yttrium metal turnings with ammonium iodide. The resulting salt was
distilled into a melting point assembly and t he melting point and vapor pressure were determined by
conventional techniques . Little decomposition of the iodide on a hot surface was observed under conditions
that gave 100% decomposition of zirconium iodide.
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THE DETERMINATION OF THE MELTING POINT , THE 
VAPOR PRESSURE , AND THE DECOMPOSITION TEMPERATURE OF 
YTTRIUM TRI- IODIDE 
D . H. Denni son, F. H. Spedding and A. H. Daane 
Abstract-- Yttrium i odi de was prepar ed by reacting yttrium metal turnings with 
ammonium i odi de. The re sulti ng salt was dist illed into a melting point 
assembly and t h e melting poi nt and vapor p r essure were determined by 
conventional techniques . L ittle dec omposition of the iodide on a hot surface 
was observed under c ondi t i ons that gave lOOo/o decomposition of zirconium 
i odide . 
INTRODUCTION 
The most generally used met hods for preparing the r are - earth meta ls 
i n v olv e t he reduction of t he halides of these metals. In electrolytic reductions 
t he chlorides have generally been u sed because of t peir lower melti ng point , 
which pe r m it ope ration of t he cell at lower temperatures. In metallothermic 
reduc tions t he fluorides and chlorides have both been used, although the h ighly 
hyg r osc opic natur e of t he chlori des has made the fluor i des more popular for 
this work; the lower v ol.:1.tility of the fluorides has also been a factor i n their 
favor. The s ucces s of t he Van A r kle - De Boer or hot wire method of p r e-
par i ng active metals b y thermal decompos ition of the metallic i odi de , has 
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s uggested the use of this method for preparing some of the rare - earth metals. 
Thi s study w a s undertaken to provide information about the rare - earth 
i odides that would be needed for a study of the hot wire method of preparing 
the rare - earth metals . Yttrium i odide was chosen because it was believed 
that i t could be more easily prepared by this method than some of the rare -
earth metals ; yttrium metal has a relatively high melting point ("" 1550°C) 
- 2 
and relatively low vapor pressure ("" 10 mm at 1550°C). 
EXPERIMENTAL 
Aft e r many attempts to prepare pure yttrium iodide by the reaction of 
(1) yttrium oxide and ammonium·iodide, (2) yttrium oxide, carbon, and 
i odi ne , and (3) yttrium metal and i odine, it was found that a more s atisfactory 
method than any of these was to heat a n1ixture of yttriurn metal turnings 
and ammonium i odide. A 50o/o exce ss of ammonium iodide wa s mixed with 
yttr ium tur n i ngs (99+% pure) and placed i n a vycor tube. This m ixture was 
heated t o a temperature of 700°C under a stream of helium. The excess 
a1nmon1um i odide was sublimed away during the process. A material 
balance of the reactants and product indicated essentially complete con-
ve r s i on t o t he tri-iodide 
T he i odide was distilled and a melting p oint determination was made m 
one operation. The tantalum vessel containing the crude yttrium i odide 
was arranged so that the pure material would distill downward and condense 
i n a tantalum crucible whi ch had a thermocouple well in the bottom (see 
• 
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Fig. 1). The distillation step was carried out in a tantalum resistance furnace 
at a temperature of 900°C and a vacuum of 2 x 10- 6 mm. After the distillation 
step, the system was filled with purified argon and the entire tantalum assembly 
was raised by a slip-seal arrangement so that the melting point crucible was 
raised into the hot portion of the furnace and the distilling crucible projected 
out of the top of the furnace. This was done without opening the vacuum system 
to the atmosphere. A chromel-alumel thermocouple, calibrated at the copper 
point , was used to make a thermal analysis. The melting point of yttrium 
iodide was found to be 964°C. No thermal arrests were observed in the range 
300 to 1000 oc, except at the melting point. 
The vapor pressure of yttrium iodide was determined by the Knudsen 
effusion method, using a quartz fiber micro-balance technique developed in 
this laboratory. (l) 
Yttrium iodide from the melting point run was transferred to a tantalum 
effusion vessel in an inert atmosphere glove box. The effusion vessel was 
then suspended by a 1-1/2 mil tungsten wire from the quartz fiber micro-
balance into a quartz vacuum envelope (see Fig. 2). The effusion vessel was 
heated from outside the vacuum system by a Kanthal-wound resistance furnace, 
containing a platinum sensing element, which controlled the furnace tempera-
ture through a proportioning controller described by Svec, Read and Hilker. (2 ) 
(l) A. H. Daane, U. S. Atomic Energy Commission, Report No. AECD-3209, 
1950. 
(2 ) H. J. Svec, A. A. Reed and D. W. Hilker, U. S. Atomic Eher.gy Commission. 
Report No. ISC-585, 1955. 
/ 
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II I TANTALUM TUBE RESISTANCE 
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F ig . 2 - Vapor pressure apparatus 
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The vessel was positioned in the furnace to maintain a uniform temperature 
on all its surfaces . The temperature of the effusion vessel was determined 
by a chromel-alumel thermocouple, which was placed in a well in the bottom 
of t he quartz envelope and on the outside of the vacuum system; this thermo-
couple had been previously calibrated (balanced) with a thermocouple placed 
i ns i de a dummy effus i on vessel. 
The equati on used to calculate the vapor pressure from experimental data 
was: 
-2 p = l. 714 X 10 W 
At 
~,where 
P = p r essure (mm, Hg) , 
w =weight loss (mg), 
T = temperature ( °K), 
2 -2 A = orifice area (em ) = 2. Oll x 10 , 
t =time (sec) , 
M = molecular weight = 4 70. 
The dat a and r esults are given in Table I. 
1'1 
Table I. 
W (mg) t (sec) T (°K) P (mm) 
0.145 10 , 590 800 1. 52 X 10 -5 
0.079 3 , 450 843 2. 61 X 10 -5 
0.132 1, 265 877 1. 21 X 10 -4 
0. 201 1, 720 880 1. 36 X 10 -4 
0 . 098 615 885 1. 86 X 10 -4 
0.173 l, 160 886 1. 75 X 10 -4 
1.154 7, 775 886 1. 74 X 10 -4 
0.797 l, 355 926 7. 04 X 10 - 4 
0.632 870 928 8. 70 X 10 -4 
0. 713 985 928 8.67 X 10 -4 
0.868 1, 205 928 8. 63 X 10 -4 
0.775 l, 110 929 8. 37 X 10 -4 
0.833 955 934 1. 05 X 10 -3 
0 .492 415 937 . 1. 44 X 10 -3 
1. 216 655 958 2. 26 X 10 -3 
2.008 1,170 958 2. 08 X 10 -3 
1. 334 660 961 2. 46 X 10 -3 
An equation for the vapor pressure of yttrium iodide was determined by 
a least squares treatment of the data. The equation is: 
log P = -11, 706 + 330 + 9. 54 + 0. 378. 
T -
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F rom this equation, the values i n Table II were calculated. 
Table II. 
P (mm) T {OK) T { oc) 
l X 10 ~ 2 1015 742 
1 X 10~ 3 934 661 
1 X 10=4 865 592 
1 X 10 
~5 
806 533 
~H subEmation = 53. 6 { + L 5 ) K caL 
The arrangement shown in Fig. 3 was used for determining the decom= 
posit~on temperature of yttrium iodid e . A weighed amount of silver i odide 
was placed i n the bottom of a long tantalum c rucible. Above this were 
placed freshly outgassed yttrium {99+o/opure) turnings. In the top portion 
of the crucible were placed three perforated tantalum baffles {as ~own). 
The crucible containing the s ilver iodide, yttrium metal and baffles was 
then carefully weighed. The top porti on of the crucible was then fitted 
into a split=cylinder focus inductor . This entire apparatus was heated 
in a vacuum induction furnace i n suc h a manner that the bottom of the 
crucible was m aintained at approximately 750°C for each run. The 
temperature of the top part of the crucible was adjusted by varying t he 
position of the coil and t h e power setting of the high-frequency converter, 
and was maintained at a constant value for each run. A Leeds and 
Northrup optical pyrometer was used to r ead the temperature from the 
m iddle baffle. It was not corrected for emi ssivity because near black~ 
body conditions p revailed. 
FOCUSING 
DEVICE 
CONNECTORS 
J2::::=::::.,pt= R FORA TED 
TANTALUM BAFFLES 
Ill---TANTALUM CRUCIBLE 
~--YTTRIUM 
TURNINGS 
~---c::ILVER IODIDE 
F i g . 3 - Reaction vessel for preparing and decomposing 
yttrium iodide 
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14 i . 
A vacuum of 2 x 10-6 mm or better was maintained during each 
run. During a run the silver iodide decomposes, liberating a known 
quantity of iodine which reacts with the yttrium forming yttrium i odi de, 
and this sublimes through the hot baffles where it may thermally 
decompose. After the run which lasted for 8 to 12 hours, the crucible 
is weighed and from the loss in weight the percentage decomposition 
can be determined from the following formulae: 
D = 100 (1 - N 1). where 
N2 
D = percentage decomposition, 
N 1 = moles of YI3 not decomposed, 
N 2 = moles of YI3 formed; 
where 
W 1 =weight loss, 
W 2 = weight of Agl, 
M 1 =molecular weight of Agl = 235, 
M 2 = molecular weight of I = 12 7, 
M 3 =molecular weight of Y = 89. 
w 
Combining, D = 528 - 792 '' 1 
w2 
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Data from the four runs are given in Table III. 
Table III. 
R u n T (Baffles) w1 w2 D 
oc grams grams % 
1 1450 0.2810 0.4216 2 
2 1500 0.4325 0.6578 5 
3 1600 0.3521 0.5266 
-2 
4 1650 0.3205 0.4705 -11 
F r om the re s u lts i n Table Ill , it can be concluded that yttrium iodide 
i s stable a t t he temper atur e i nvolved. Thi s experiment was not run at 
t empe r a t u r es h i gher t han 1660° because yttr ium metal is appreciably 
vol a tile a t t h i s t emperatur e. The minus values in Table III may be due 
to two facto r s : ( 1) v olatili zati on of ytt rium metal from the mass of 
turnings ; (2) fo r mation of YI2 when YI3 sublimes through the hotter 
portion of t he yttrium t u r n ings near the top. An attempt to prepare YI2 
by d i s tillation of YI 3 t h r ough a column of hot yttrium tur n ings appeared to 
y ield only YI 3 . F urthe r e videnc e that the YI 3 d i d not decompose was the 
abs e n ce of c onden sed i odi ne in the liqui d n i trogen cold trap, and the 
absenc e of yttrium metal on the baffles. 
To t es t t he a bove method on an i odide whose decomposition 
c ondition s had been established, the same procedure was used to 
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measure the decomposition of zirconium iodide. The results for zirconium 
obtained by the same method were: 40o/o decomposition at lOOO"C and 100% 
at 1350"C. Values given by Holden and l<(Dpelman( 3 ) are : 32% at 1152"C, 
• 
80% at 1372"C, and 100% at 1432"C. 
This is considered reasonably good agreement, since the a r rangement 
used by Holden and Kopelman allows a zirconium iodide molecule to strike 
a target only once, while in the procedu~e described in this paper, the 
molecule may strike the hot target surface many times. 
(3 ) Robert B. Holden and Bernard Kopelman , J. Electrochem. Soc., 100, 
120, (1953). 
